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INVESTIGATION OF THE MECHNICAL PROPERTIES AND CHARACTERISTICS
OF SEVERAL ELECTRODEPOSITED METALS O A FLLEXIBLE
PLATE OF HIGI CARBOI STEEL
By Clyde R. Stewart
PURPOSE OF INVESTIGATION

Aerodynamic calibration and physical measurement have shovm that the
flexible steel plates which form two walls of the throat and test section
of the 1-by 3-foot supersonic wind tunnels have surface irregularities of
great enough magnitude to cause sizable flow disturbancess

Since some of the surface irregularities are as large as 04020 inch,
it was felt that simply rcmachining the 04250-inch=thick steel plates
would not be advisable for several reasons, one reason being that thine-
ning the plates unevenly (04020 to 0) would result in a nonlinear variation
in thickness of 8 percent which would result in & nonuniform radius of
curvatures Ancther objection to remachining is that once the plates arc
thinned, any further correcting or refinishing of the plates is made ex-
tremely marginal, if not impossible from a strength standpointe

Thus it vwas decided to attempt to increase the thickness of the
flexible plates by the electrodeposition of some suitable metal on the
steecly then to machine the plates to obtain o flat, smooth surface while
at the same time retaining the originnl thickness of 0.250 inche This
investigation of electrodeposited metals was therefore begun, the aim
being to find an electroplating material that would meet the following
rcquircments:

a) Must be capablc of being dcposited up to 0.030 inch thick
b) Must havc good machining gualities
) Must not crecp under o prolonged bending stress of 70,000 psi
in basic stecl
d) Must not work harden cxcessively
) Must not develop surface cracks from rcpeated reversals of
bending stress
f) Must have no serious reduction in valucs of mechnical
properties throughout temperature range 0° to 150° F
)} Must have a ®rinnel hardness above 50
h) Should have a low modulus of elasticity in order to kecp to
o minimum the woriation in moment of inertia of the basie
plate '
(i) tust have perfect adhesion to the basic steel, preferably
writhout any "in-between" plate such as copper
(j) Must not oxidize or corrode in air
(k) The electroplating proccss must not rcduce scriously the
tensile, compressive, or ondurance limits of the basic
stecl
(1) tMust be readily awvailable commercially
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MATERIALS TLSTED
The clectrodeposited metals that were investigated arc the following:

(a) Brass
(b) Cadmium
(c) Chromium
(a) Copper
(e) Nickel
(f) Silver
(g) Zinc

Lead and tin were also proposed for this investigation, but were
rejected for being too soft (Brinnel los 4 and 14, respeetively), and for
creep under moderate stress at room temperaturc,

Also tested along with the electrodcposited metals vas o brush~on type
of phenolic plastic coating called Phenoplaste

TEST SPECIMEN

Each test specimen was as nearly as possible o duplication of the
flexible nozzle platese A typical spccimen was made of AsL.SeTes 4140
steel heat treated to Rockwell €-30 (minimum tensile strength 140,000 psi),
and its surfeces were ground to rms 32, It was 24 inches long by 1% inches
wide by 04250 + 0.001 inch thicke

TEST PROCEDURE

The moterial being tested was applicd 04005 inch thick by 10 inches
long on both sides ot one end of the test speeimen, and 0,010 inch thick
by 10 inches long on both sideus ot £lo other cnd of the tost spoecimen -
cxcept where otherwise specifiede

The test itsclf consisted of the folimving stops:

() Zwvrlo tecszt to chnck for surfico cracks
(b) Xnoop hardness test of cach ond of spocimen
(¢) ilicrometer moasurcment of thickness ¢t l-inch inererents
along length of specimon
(d) 1000 bend reversing cyclus at 70,000 psi stress (Kote: 1 cycle =
2 stress rovcrsals)
) Repetition of steps (e) and (d) until 6000 cycles werc completed
(f) 1Incrcasc stress to 95,000 psi for 1000 cycles
) Ropetition of steps (c¢) and (£) (Note: Total of 16,000
reversals based on 3 reversals per day, 5 days per weck,
50 weeks per yoar for 20 years)
Ropetition of step (b) on ocnd just tested
Reversal of specimen, end for end
Repetition of cntire cycle (steps (b) through (h))
Zyglo test to check for surface cracks.
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TCST SET-UP

FIG. I TYPICAL TEST SPECIMEN
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RESULTS

Results of cach test phase for cich specimen tested are tabulated in
Table I, togoether with the mechunical propertics of cach metal used as an
elcetrodenosited coating.

Brass: Brass fulfilled &ll the rcquircments with the cxception
of being ecasy to deposit. It is, in fact, very difficult
to dcposit any heavier tlan 0.0005 inch of brass, duc to
pitting and uneven deposition using a normal solution and
procedure.

Codmimum: Cadmium is relatively casy to deposit, but when it is
used for engineering purposnss (isce, heavy decposits to
£i11 in worn or mismxchined parts), great carc must be
used to insure & high degroe of adhesione In addition
to being too soft to be casily machined, both the baked
and the unbaked specimens developed bed surfacce cracks
and checks, and both showcd signs of crecpe

Chromium: Chromium plating irhercntly causcs cmbrittlement of the
base metel; this is especially true of a high carbon stecl
base, and in this casc the cmbrittlement was scverc cnough
to causc failure of the test piece after 5200 cycles.
Chromium is too hard to machine with standard machine tools,
and so must be pround to the desired shapc or thickncsse
Also, before failing, thc test spccimen had many bad craclss
on its surfaces

Copper: Copper filled most of the requirements very well; however,
it did develop minute surfuce eraclis, worl rardened cor-
sidorably, und, of coursc, crxidized in Qire

Mickel: 1lickel proved to be the bust all around material in regard
to meeting the requiremertses The only cxception is its
rolutively high modulus of elasticity (24-27 x 108). Upon
cortplection of the bend reversing test, the nickel specimen
was given a similar test of 1806 cycles at 0 F  in the
stratosphere clamber; aguin the results were goods In
addition, v picec of purc nickel 'as submerged in mercury
for 72 hours ot room temperaturc, after which time no
ama lgnmation was cvidentes

Silver: Silver work hardencd considerably morc than any of the other
metuls testeds Cracks and checks developed on the surfacce,
and thero was evidence that the plating had yielded to
plastic flow.

Zinc: Zinc was undoubtodly the lcast desirable of the motals testede
It yielded to plastic flow quite recadily, became brittle
bolow 70° F, and developed severe surface crackss
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Plostic Coating: 4 phenolic-type plastic called Phenoplast was
applicd to a typical stecl test speeimen and given the
completc bending teste Ilovrever, it was found that this
coating is oxtremely difficult to apply smoothly, cither
by brushing or spraying; it is next to inpossible to
maichine or hand finish; and it is dimensionally urstiblce

DISCUSSION

Certain gencralizaetions may be dravm from the expericnce cained
through this investigation regarding the ability of electroplating to mecet
spceific requircmentse

(&) The adhesion of electrodeposits to a base metal is 2 function of
the plating tcchnigue and is independent of the type of metal being de-
positede

(h) The tensile strength, hardacss, dersity, Young's modulus, ctce,
of any elcctrodeposit from any given type plating bath may be varicd over
& wide range simply by chenging the pll (ecidity), temperaturc, or currcent
density of thc bathe

(¢) The clectrodeposition of any metal on high carbon steel will
cause embritilenent of the steel in degrecs varying from scvere cnbrittle-
ment due to chromium plating to very slight embrittlement duc to copper
platinge The degree of cmbrittlenent of the base metal duc to any certain
metal being deposited inereases with an increacse in plating timc. This
condition can be climirated in part by balsing the plated picce from 2 to 5
hours at from 300° to 500° F.

ENGIVEERITG ADVICE

The Electrodeposition Scetion of the Natiomal Burcou of Standirds wos
contacted regarding this plating problems They strongly rocommended nickel
plating as being the best adapted to our ncedse They also suggested the
typc of nickcl hath to use, the current density, and the prceplating treat-
nent in order to obtain the rost ductilc niclel deposit, (Mational Burcau
of Standards letter to ancs dated Wovembsr 22, 1949; mail listing
Hovermber 28, 1949, No. 45).

EFFECT OF PLATIUG

Sincc both the depth and width of the plating after machining will
vary nenuniformly throughout the length of thie flexidble plates, it is
impossible to predict accurately the offcet of the plating on the radius
of curvature (or slopo) of the platcs, Ilowover, the worst casc would be
whoere o radius of 35 inches is considersed; this amcunts to o bonding stress
of 70,000 psiy Considering tlie lonpest spun betweon two lugs (2.5 inchus),
and assuming the plating to be 04020 inch of niclel over the full 12-inch
width or a totul plote thickness of 06270 inch, we find w deflection of
0.,0149 inch as compared to a dcfleetiorn of 040166 inch for unplated stecl



0e250 inch thicke This amounts to a chanze of 20 percent in radius of

curvaturce Hoviever, this doés not tole into wccount the cffect of the
. lugs or their uneven spocing, nor the offect of the cadniun plating on
the lower surface of the plates, nor the good possibility that the flexi-
blc plates are not of constant thiclkness to begin with - all of which
would tend to decreasc the change in curvature due to platinge.
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CONCLUSIONS ..IfD RDCOIZEFNDATIONS
As & result of this investigation, cortein conclusions became apparent:

(o) Either nickel or brass plating would be a satisfactory answer to
this problem from a mechanical and acrodynamic siandpointe

(b) Wickel plating would be the only satisfactory answer from a
prectic] standpoint, since brass plating of 0,030-inch thickncss would
require much rescarch work and involve z grecat deal of expensce This con=-
clusion is bornme out in a letter from lational Burcau of Standards to aAmes
dated December 16, 1949; mail listing Deccembor 21, 1949, Yoo 42. It is
therecfore recommended that nickel plating be uscd to corrcet the flexible
nozzle platcs, using the procedure and plating bath composition surgested
by the National Burcau of Standardss

COMMERC IAL PLATTHG PL.NTS

Through contect with the International Nickel Coe the following plating
concerns were recommended as reliable and as being cquipped to handle these
large plates:

l. Bone Engincering Coe, Glendalec, Calif,
2. Plating Enginecring Co., Milwaukec, fis
3e Chromium Corps., Chicago, Illa
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